Background: Neurocognitive impairments of attention and executive functioning are trait abnormalities in schizophrenia, and these are considered to be endophenotypes. These deficits have been convincingly linked to prefrontal cortical functioning. In this study, we examined the cognitive performance in the domains of attention and executive functioning among first-degree relatives of Indian people with schizophrenia (high-risk [HR] patients) compared to healthy controls (HC). Materials and Methods: Siblings of patients with DSM-IV schizophrenia, HR patients (n = 17), were compared with HC (n = 30) (matched as a group for age, sex, years of education, and handedness) using the following neurocognitive tests for attention and executive function -digit span test (DST), trail making test, letter-number sequencing (LNS), and spatial span test. Results: HR patients had significantly deficient performance in attention and executive function tasks (DST-forward [P < 0.001], DST-backward [P < 0.001], spatial span-forward [P < 0.001], spatial span-backward [P < 0.001], and LNS [P < 0.001]). Conclusions: This study replicates the findings that neurocognitive deficits involving executive function task performance, attention, and working memory, which are considered as principal features in patients with schizophrenia, are also significantly present in the first-degree relatives of patients. Thus, these neurocognitive parameters can be considered as potential endophenotypes in schizophrenia.
INTRODUCTION
Schizophrenia is a complex disorder with a multifactorial inheritance, and the presence of an affected first-degree relative is considered as a significant risk factor. [1] Neurocognitive deficits, which are consistently reported in schizophrenia patients, have been postulated as a potential endophenotype in schizophrenia. [2] Neurocognitive impairments have been demonstrated in all stages of schizophrenia and are intricately linked to the functional outcome of the illness. [3] Such cognitive deficits have also been demonstrated in remitted state in patients, and hence, these are considered to be "trait" factors. [4] These impairments are pronounced in the attention, processing speed, and executive functioning, in addition to verbal learning and memory. [5] These aberrations have also been convincingly linked to prefrontal cortical abnormalities associated with the illness. [6] Typically, the cognitive performance in patients with schizophrenia is [1, 2] standard deviation less compared to matched healthy comparison controls. [7] Healthy first-degree relatives of patients or high-risk (HR) patients, such as siblings and offsprings of patients with schizophrenia, also demonstrate significant impairments in neurocognitive functioning, [8] [9] [10] indicating that such cognitive deficits could be potential endophenotypes of the illness. [11] Prospective studies in HR patients have shown that verbal working memory, performance attention, and gross motor skills have predictive potential regarding conversion to psychosis. [12] Examining the cognitive endophenotypes in HR patients could help in evaluating the cognitive vulnerability markers without the effects of illness-related confounding factors. Previous studies including meta-analyses have demonstrated deficits in attention, working memory, and executive functioning in adult HR compared to healthy volunteers. [13] [14] [15] Studies from India have been sparse in this area. In a recent study from India, it was demonstrated that the siblings performed significantly poor as compared to the healthy controls (HCs) on Wisconsin card sorting test, continuous performance test, and spatial working memory test. [16] In this study, we sought to examine the neurocognitive performance in attention and executive functioning among siblings of patients with schizophrenia (HR) who attended a tertiary care psychiatric hospital in South India compared to matched HC.
MATERIALS AND METHODS
We recruited HR patients (n = 17) who are siblings of patients with DSM-IV schizophrenia who attended the clinical services of both inpatient and outpatient services of National Institute of Mental Health and Neurosciences, India. Age-, sex-, education-, and handedness-matched volunteering HCs (n = 30) were recruited through word of mouth. After complete description of the study to the participants, written informed consent was obtained. The Institute's Ethics Committee approved the study. All the participants were assessed using Mini International Neuropsychiatric Interview (MINI) Plus [17] to rule out the presence of axis I psychiatric diagnoses. At least one sibling with diagnosis of DSM-IV schizophrenia established by MINI and ascertained by a qualified psychiatrist was ensured for HR patients. None of these patients had clinical features suggestive of substance abuse/dependence. None had comorbid medical/neurological diagnosis. All the participants were right-handed as established using Edinburgh handedness inventory. [18] All the participants had formal education till at least 10 th standard and had a score >25 on the Mini Mental Status Examination. [19] Neurocognitive assessment was conducted for all the study participants in a single session (lasting for approximately 1 h), in a fixed order and in the same quiet room. The following neuropsychological tests were administered.
Tests of attention
• Trail making test: [20] This examines for attention, sequencing, mental flexibility, and psychomotor speed (visual search and motor function) and consists of two parts: a. Part A -requires participant to make connection of circles containing numbers (digits) in ascending order, arranged randomly on paper b. Part B -requires participant to make connection of circles containing numbers (digits) and letters (alphabets) in alternating order, arranged randomly on paper.
• Digit span test: [21] It consists of two subtests, namely digit-forward and digit-backward. Digit-forward contains eight items and digit-backward contains seven items, with each item containing two trials. In digit-forward, the participant is asked to read a sequence of digits and then asked to repeat the digits in the same order, while in digit-backward, in reverse order.
Tests of executive functions • Wechsler memory scale (WMS)-letter-number
sequencing (LNS): [21] This measures working memory using auditory stimuli. The participant listens to a combination of numbers and letters and is asked to repeat them, saying the numbers first in an ascending order, and then the letters in the alphabetical order • WMS-spatial span: [21] This is a test for spatial working memory. The spatial span board has ten cubes and consists of two subtests -spatial span-forward and spatial span-backward. In spatial span-forward, the participant is asked to tap the same sequence as had been tapped by the examiner; while in the spatial span-backward, the participant has to tap the sequence in reverse order as had been tapped by the examiner.
Analysis of covariance controlling for age, sex, and years of education was employed to examine the difference in neurocognitive task performance between HR and HC. Bonferroni corrected P < 0.007 was considered statistically significant, taking into account seven tests of comparison made between the groups [ Table 1 ].
RESULTS
The HR patients were matched to HCs based on age (25.3 ± 4.6 vs. 24.9 ± 3.7, t = 0.3, P = 0.73), sex (male:female = 12:5 vs. 21:9, χ² =0.02, P = 0.97), handedness (all subjects were right handed), and years of education (13.4 ± 2.5 vs. 13.1 ± 2.6, t = 0.3, P = 0.78). As shown in Table 1 
DISCUSSION
In this study, HR patients demonstrated significant deficits in the neurocognitive measures of attention and executive functioning when compared with matched HCs.
Several previous studies have revealed that attention and executive functioning have been found to be among the most affected cognitive domains in schizophrenia. [14] Neurocognitive deficits involving executive function task performance, attention, and working memory could be considered as principal features in patients with schizophrenia since these aberrations are noticeable from the first episode of psychosis. [22] These domains are also found to be affected in first-degree relatives of patients with psychosis. [15] Examining the studies with HR patients (mean age between 15 and 29 years), Bora et al. in their recent meta-analysis reported that significant neurocognitive deficits are present in HR compared to HC in various domains. [23] In a recent study, Üçok et al. reported that HR patients performed poorly in attention, executive functions, and working memory than HC and the neurocognitive performance of HR was almost comparable to participants with the first episode psychosis. [24] First-degree relatives of patients with schizophrenia or HR patients have been noted to have a significant predisposition to develop schizophrenia where some studies have noted the conversion rate as high as 40%. [25] Endophenotypes, also known as intermediate phenotypes, are measurable stable biological deficits or factors which could indicate inherited vulnerability to the disease in question. Hence, they co-segregate within the families of patients, [26] and as replicated in this study, neurocognitive impairments involving attention and executive functions can be considered to be endophenotypes.
Schizophrenia is probably not understood as dysfunction due to single brain area; rather, it is considered to be a disorder of brain networks. [27] Many brain areas such as prefrontal cortex, hippocampus, and parietal lobe structures are consistently reported to be associated with cognitive function deficits, especially the attention and executive function impairments. [28] [29] [30] It has been shown that the vulnerability to develop schizophrenia might reveal regional gray matter density alterations in functionally relevant brain circuits, especially involving the prefrontal regions. [31] Neuro-hemodynamic changes involving frontal brain regions which form a part of the attentional network has been found to be an important endophenotype marker of schizophrenia. [32] Indeed, many of the frontal lobe-mediated neurocognitive functions have been found to have significant heritability estimates. [33] Albeit in a relatively smaller number of HR patients, our study further adds evidence supporting that attention and executive functioning are cognitive endophenotypes of schizophrenia. 
